Primary invasive squamous cell carcinoma of the vagina is rare, and the role of human papilloma virus in its pathogenesis remains unclear. The aims of our study were to determine the distribution of human papilloma virus genotypes in 21 cases of primary invasive squamous cell carcinoma of the vagina and to correlate human papilloma virus genotype with histological subtypes. Patients' clinical records were reviewed for demographic data and the stage of the disease. Tumors (n ¼ 21) were classified according to the World Health Organization criteria. Human papilloma virus genotyping (INNO-LiPA HPV Genotyping) was performed in the whole series, and statistical analysis was performed with Fisher's Exact Test and with Student's t-test. The patients' age ranged from 36 to 88 (mean 65) years. Six cases were keratinizing squamous cell carcinoma, and 15 cases were non-keratinizing squamous cell carcinoma (seven non-keratinizing not otherwise specified, three basaloid, and five warty types). The median age of patients with keratinizing squamous cell carcinoma was 73.8 years and that of non-keratinizing squamous cell carcinoma patients was 61.5 years (P ¼ 0.08). Human papilloma virus DNA was detected in 17 cases (81%): 13 non-keratinizing squamous cell carcinoma (87%) and four keratinizing squamous cell carcinoma (67%) (P ¼ 0.31). The human papilloma virus genotypes identified were: 6, 11, 16, 18, 31, 33, 35, 40, and 58, with human papilloma virus 16 DNA the most prevalent (33%). Invasive squamous cell carcinoma of the vagina is frequently associated with human papilloma virus infection, and human papilloma virus 16 is the most common genotype. Although without statistical significance, keratinizing squamous cell carcinoma is more frequent in older patients, whereas non-keratinizing squamous cell carcinoma more frequently affects younger women. All studied histological subtypes are strongly associated with human papilloma virus infection. Keywords: vagina; squamous cell carcinoma; human papillomavirus Human papillomavirus (HPV) has been clearly implicated in the pathogenesis of anogenital tract cancer. It has been detected in 90-100% of cervical squamous cell carcinomas 1-3 and in 70-100% of anal squamous cell carcinoma. [4] [5] [6] [7] In vulvar carcinoma, reflecting the dual pathogenesis of these neoplasms, HPV has been detected in 75-100% of basaloid and warty squamous cell carcinoma and in less than 23% of keratinizing squamous cell carcinoma. [8] [9] [10] [11] There are very few detailed studies of the distribution of HPV in invasive and in situ squamous cell carcinoma of the vagina 12-19 Therefore, it is not known if HPV is implicated in most cases, like in cervical carcinoma, or if there are multiple pathways of carcinogenesis, like in vulvar carcinoma. The aims of our study were to determine the distribution of HPV types in 21 cases of primary invasive squamous cell carcinoma of the vagina and to correlate the presence of HPV with histological subtypes.
Human papillomavirus (HPV) has been clearly implicated in the pathogenesis of anogenital tract cancer. It has been detected in 90-100% of cervical squamous cell carcinomas [1] [2] [3] and in 70-100% of anal squamous cell carcinoma. [4] [5] [6] [7] In vulvar carcinoma, reflecting the dual pathogenesis of these neoplasms, HPV has been detected in 75-100% of basaloid and warty squamous cell carcinoma and in less than 23% of keratinizing squamous cell carcinoma. [8] [9] [10] [11] There are very few detailed studies of the distribution of HPV in invasive and in situ squamous cell carcinoma of the vagina [12] [13] [14] [15] [16] [17] [18] [19] Therefore, it is not known if HPV is implicated in most cases, like in cervical carcinoma, or if there are multiple pathways of carcinogenesis, like in vulvar carcinoma. The aims of our study were to determine the distribution of HPV types in 21 cases of primary invasive squamous cell carcinoma of the vagina and to correlate the presence of HPV with histological subtypes.
Materials and methods
We searched the Department of Pathology database for all patients who had a diagnosis of primary squamous cell carcinoma of the vagina from 1989 to 2004. Patients' clinical records were reviewed for demographic data, disease's stage (standard clinical staging procedures were employed according to the criteria of the International Federation of Gynecology and Obstetrics-FIGO), and the clinical and radiological criteria of vaginal neoplasm origin, as advised by FIGO. 20 Representative blocks of all cases were chosen. All specimens were formalin-fixed and paraffinembedded; 10% buffered formalin was used in the five cases diagnosed after the year 2000. Hematoxylin and eosin-stained sections of all tumors were reviewed and classified according to World Health Organization criteria 21 by two independent pathologists (MF and AF).
Tissue sections were obtained with anticontamination techniques, and one polymerase chain reaction (PCR) tube with four sections with 10 mm was prepared for each case. Total cellular DNA was extracted from embedded tissue paraffin sections according to the manufacturer's instructions (INNO LiPA, Innogenetics, Gent, Belgium). Briefly, sections were incubated in 250 ml of 1 mg/ml proteinase K in a 50 mM Tris pH 8.0 1 mM EDTA and 0.5% Tween 20 overnight at 561C. Proteinase K was inactivated at 1001C for 5 min. The lysates were centrifuged at 18 000 g for 5 min and used directly for PCR. Quality of extracted DNA was evaluated by PCR using b-globin specific primers, B4 (5 0 -GCTTCTGACC AAACTGTG-3 0 ) and B5 (5 0 -CACCACCAACTTCAT CCA-3 0 ) as previously described. 22 Only DNA preparations yielding positive amplifications using b-globin primers were further analyzed for HPV detection and genotyping.
HPV PCR and hybridization steps were performed according to the instructions included in the INNO LiPA kit. PCR was performed in a final reaction volume of 50 ml containing 10 ml of the isolated DNA and 40 ml of the PCR Mix, which included PCR buffer II, 2.0 mM MgCl 2 , 200 mM of each dNTP, 15 pmol each of the forward and reverse primers tagged with biotin at the 5 0 end and 1.5 U AmpliTaq Gold DNA Polymerase (Applied Biosystems, Foster City, CA, USA). Activation of the AmpliTaq Gold was carried out by a 9-min incubation at 941C and the amplification was carried out during 40 cycles of 30 s at 941C, 45 s at 521C and 451C at 721C with a final extension of 5 min at 721C.
Ten microliters of the PCR product were denatured in alkaline solution and incubated under stringent conditions with nitrocellulose membrane strips contained in oligonucleotide probes. The hybrids formed were detected by alkaline phosphatase-streptavidin conjugate and the substrates 55-bromo-4-chloro-3-indolylphosphate and nitroblue tetrazolium, resulting in a precipitate at the positive probe lines.
The LIPA strips were manually interpreted using the reference guide provided.
Positive and negative controls were used in every run. Positive control consisted in the positive amplification control included in the INNO-LiPA HPV Genotyping v2 Amp kit. Negative control consisted in PBS buffer that was processed simultaneously with the patient samples in the DNA extraction and PCR step.
Statistical analyses were performed using Fisher's exact test and Student's t-test, and a P-value of o0.05 considered statistically significant.
Results
We retrieved 21 patients with the diagnosis of primary invasive squamous cell carcinoma of the vagina from the database. In all cases there was no previous history of cervical pathology. Tumors were confined to the vagina, without extension to the cervix or vulva. Patient age ranged from 36 to 88 (mean, 65; median, 67; s.d., 10.9) years. Two patients (10%) had stage I disease, 13 patients (62%) had stage II, two patients (10%) had stage III and two patients (10%) had stage IVA. In two cases the disease stage was not recorded.
Tumor topography was assessed: 10 cases (48%) were located in the upper third of the vagina, five cases (24%) in the middle third and two cases (10%) in the lower third; one case (5%) involved the middle and upper thirds of the vagina and two cases occupied the entire vaginal wall. In one case the exact tumor location was not registered in the patient's clinical record.
Histologically, six cases (29%) were classified as keratinizing squamous cell carcinoma, and the remaining 15 cases (71%) were non-keratinizing squamous cell carcinoma (seven non-keratinizing not otherwise specified [NOS], three basaloid, and five warty types). The mean age of patients with keratinizing squamous cell carcinoma was 73.8 years (median, 81.5; s.d., 20.2) and that of nonkeratinizing squamous cell carcinoma patients was 61.5 years (median, 66; s.d., 10.9) (P ¼ 0.08).
Amplifiable DNA was obtained in all cases. In general, we found no significant differences in the quality of extracted DNA over the time period of tissue collection; namely, there was no correlation between HPV DNA positivity and the paraffin block age. Table 1 lists the results of DNA detection. HPV DNA was detected in 17 cases (81%): 13 nonkeratinizing squamous cell carcinoma (87%) and four keratinizing squamous cell carcinoma (67%). The presence of HPV was not correlated with the histological subtype (P ¼ 0.31). The HPV genotypes identified were: 6, 11, 16, 18, 31, 33, 35, 40, and 58. HPV 16 DNA was the most prevalent, being identified in seven specimens (33%). In 16 cases high-risk HPV DNA was identified (76%), and multiple HPV genotypes were isolated in four cases (19%).
In four cases, HPV DNA was not detected. Patients' ages were 36, 59, 66, and 88 years old. In three of these cases there were features suggestive of viral cellular changes ( Figure 1a) ; however, typical binucleated koilocytes were not found. In the only case where the epithelium near the carcinoma was available for observation, histologic features similar to conventional vaginal intra-epithelial lesion (VaIN) (Figure 1b) were present.
Discussion
Primary carcinoma of the vagina is a rare neoplasm, accounting for less than 2% of all gynecological malignancies. [23] [24] [25] Invasive squamous cell carcinoma is the most common tumor, comprising 79% of all cases. 25 Despite all therapeutic advances, the overall 5-year survival rate is still poor. [23] [24] [25] Owing to its rarity, the etiology of these tumors is poorly known. Very few studies have evaluated the presence of HPV in squamous cell carcinoma of the vagina (Table 2) , and show discrepant results.
Regarding VaIN, the percentage of cases positive for HPV DNA varies between series, from 82 16 to 100%. 18 These discrepant results allow two possibilities: some authors consider that squamous cell carcinoma of the vagina shares etiopathogenic features with vulvar squamous cell carcinoma 17 (in which one third of cases are related to HPV) and cervical squamous cell carcinoma (in which almost 100% of cases are related to HPV), while others consider that squamous cell carcinoma of the vagina is closely related to cervical squamous cell carcinoma. 19 Our results suggest that, like in vulvar invasive squamous cell carcinoma, invasive squamous cell carcinoma of the vagina occur in two different groups of patients: keratinizing squamous cell carcinoma, more common in older patients (mean age: 73.8 years), and non-keratinizing squamous cell carcinoma, affecting mainly younger patients (mean age: 61.5 years). These results, nevertheless, fell short from statistical significance, probably because of the small number of cases, and, therefore, more studies are required to definitely clarify this issue. It would be interesting to evaluate if proximal squamous cell carcinoma of the vagina, like cervical squamous cell carcinoma, is more frequently associated with HPV DNA than distal vaginal neoplasms. However, a correlation between HPV DNA detection and tumor topography was not attempted as most of the cases studied involved the upper thirds of the vagina.
The high number of HPV DNA-positive cases in our series highlights the important role of HPV in the pathogenesis of squamous cell carcinoma of the vagina. The higher percentage of positive cases, when compared with previous reports, can be due to a higher sensitivity of the DNA amplification techniques employed or to different HPV infection incidence between populations. In fact, although HPV prevalence is lower in Europe than in other continents, it is comparatively higher in Portugal, and HPV16 is relatively more prevalent. 26, 27 Furthermore, DNA extraction from paraffin-embedded tissue is less optimal than DNA extraction from fresh tissue and, therefore, the number of positive HPV DNA cases in our series can be underestimated. This can possibly explain why in three of the four negative cases, virus-associated cellular changes could be observed in the neoplasm or in the nearby epithelium.
The percentage of HPV16 in our series is consistent with previous reports regarding positive cases (Table 2) . Daling JR et al (2002) 16 identified genotypes 6, 11, 16, 18 and 45 in the studied cases of invasive squamous cell carcinoma of the vagina, with HPV16 being the most common (58.3%); Koyamatsu Y et al (2003) 17 and Kiyahu MT et al (1989) 14 identified HPV16 and 18 (the only two genotypes studied), and the most common was also HPV16 (positive in 37.5 and 57% of cases, respectively).
Like Daling JR et al, 16 one of our cases was positive for low-risk HPV6 and 11. However, to the best of our knowledge, we report the first cases of squamous cell carcinoma of the vagina associated with HPV 31, 33, 35, 40 and 58. From these newly associated vaginal squamous cell carcinoma genotypes, only HPV40 is a low-risk virus, that was always present as a coinfection with other high-risk HPV genotypes. Despite never before being detected in invasive squamous cell carcinoma of the vagina, all these genotypes have been reported in VaIN, 18, 19 except for HPV33, which is a very well known highrisk type, associated with cervical squamous cell carcinoma. 2 The number of cases with HPV DNA detected in our series, sustains the concept supported by Koyamatsu Y et al (2003) 17 that invasive squamous cell carcinoma of the vagina has transitional characteristics between cervical and vulvar carcinoma. 17 Therefore, although keratinizing and non-keratinizing squamous cell carcinoma occur in dissimilar age groups, both are strongly associated with HPV, in opposition with vulvar squamous cell carcinoma, in which keratinizing carcinomas are not associated with HPV infection. 28, 29 To conclude, invasive squamous cell carcinoma of the vagina is frequently associated with HPV infection, and HPV16 is the most common genotype. Although without statistical significance, and similarly to vulvar squamous cell carcinoma, keratiniz- ing squamous cell carcinoma is more frequent in older patients, while non-keratinizing squamous cell carcinoma more frequently affects younger women. All histological subtypes of squamous cell carcinoma of the vagina are strongly associated with HPV infection, as in cervical squamous cell carcinoma.
